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(57)[SUMMARY] (Amended) 



(OBJECT] 

'■&'^.9Vf)^h^-'^^Wi$.t.X'^'glLL.\i^ To provide a light receiving element excellent 
0Ils!c(:i^-^^^L, :S/-cft$Mt4 reliability which has sensitivity in the wide 
{3ffiix/c.^)t^^^S#t-^5i£ ^^^^ ^""Of" "SS"" ultraviolet area to red area.. 



[SUMMARY OF THE INVENTION] 
It has a double heterostructure, where an 
InXGal-XN layer (0< X<1) is pinched as a light- 
receiving layer 5 between a n-type gallium^ 
nitride group compound semiconductor layer 4 
and a p-type gallium nitride group compound 
semiconductor layer 6. . 



nm 



litis 'p M.mit'^m^m 

-'^m^mi^m e <t (d f^i c: . § ^ 

ii 5 <!: LT I nxG a i-xNil (0 

<x< 1) Am^ixtzvy/u^ 
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[ ¥f t -I- n is 3ix 0') mi alii ] 



[CLAIMS] 



m 



1) 



! nxG a ,.xNl (0 <X< 



[CLAIM 1] 

A gallium nitride group compound 
semiconductor light receiving element, 
characterized by having a double 
heterostructure where an InXGal-XN layer (0< 
X<1) is pinched as a light-receiving, layer 
between a n-type gallium nitride group 
compound semiconductor layer and a p-type 
gallium nitride group compound semiconductor 
layer. 



^'■^W-Mt'^Q' a i.yA 1 
a LzA l.zN (0 gZ^ 



[CLAIM 2] 

A gallium nitride group confipound 
semiconductor ' light receiving element 
according to Claim i, wherein said, n.-type 
gallium nitride group compound sbmiidohdUctor 
layer is a Gal-YAIYN (0=W=<'l)? and said p- 
type gallium nitride groop compound 
semiconductor iayer is a Gal-ZAIZN 
it^m^ (0=<Z=<1). 



yN (0 ^ 
1) Vh 



[CLAIMS] 

A gallium nitride group compound 
semiconductor light receiving element 
according to Claim 1 or Claim 2. wherein said 
gallium nitride group compound semiconductor 
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i"-5ii1fijtil 1 * /cfisRiJtil 2 11 light receiving element has a sapphire as a 
B^(r)MitiJ U '> i^Jf<it'^-^,ii^- substrate. 

(DUn^Kc^m ] [DETAILED DESCRIPTION OF INVENTION] 



f 0 0 0 1 ) 
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I 



■ii-. i-i 



'o 
■5. 



[INDUSTRIAL APPUCATICNj 
u This invention relates to the semiconductor light 

Kl?}^^lf^iji^eiXo-i-^#H^ receiving element used for a solsr battery, a 
m'i-lcmL. m-mit:^^^ O Photodtode. etc. 

Especially, it is related Vv'ith the light receiving 
element which ' consists of a gallium nitride 
group compound semiconductor (lnaAibGa1-a- 
bN. 0=<a=<1, 0^<b=<r aH-b=<l), and has a 
sensitivity in specific vv'aveiength of 365 nm - 
635 nm. 



0 0 gaS \ . GS^b 

a-l-b;Sl) cl:9^D3 6 
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[0002] 



0-) i?: )t m "f i C f 1 --^ { - ^ ;r;j- 

Pll;?to{c:{±G a p. CdS/C 
U2S, S i . T^/uy 7 ^ V y 

0 0 n mii^Ji(7:>&S[Cig>^^# 
5 0 0 n m J: 

5 0 0 nmj; '9^^V^5(C 
'^mm^m^<. 4 0 0 nmJi;l 



[PRIOR ART] 

The semiconductor material is generally used 
for light receiving elements, such as a solar 
battery and a photodiode. 

For example, material, such as GaP. 
CdS/Cu2S. Si, and an amorphous silicon, is 
known by the solar battery. 

Each of .these. .semiconductor materials is 
material whfch has a sensitiyity in wavelength of 
500 nm or more. 

A practical material which has a sensitivity on 
a wavelength shorter than 500 nm is seldom 
known. 

As the material which has a sensitivity on a 
wavelength shorter than 500 nm, for example, 
SiC is known. 

However, since SiC is an indirect transition 
type, the conversion efficiency is bad and it is 
the present condition that only the photodiode 
for ultraviolet 400 nm or less utilises. 
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[ 0 0 0 3 } [0003] 

r i^') t ■■)\-\i^%(fj^J)'t'$h-roM Thus the material of the conventional light 

pa 'mn^ -» '(75 -h' TeceivinQ element has many things of an 

^^^S^i&i^^^v^^^}^ '"'^''■^'^^ transition type. It is hard to desire the 

rp1^^.tfc#5. ..^h^^:^j))^o^ , improvement in the conversion efficiency 

.^^^^m'^^v'i^.^^^^^^-:^ -'^^-'^^^ "'1';;.^ in an indirect transition type. 

I?: Moreover since it is easy to deteriorate to 

^:: 5c1'L ^^;fL"J-.^i"t '^ri^;, heat, atmosphere, etc., the" conventional 

ii/ i^yl-n-'H^!: M^ii" o material lias an anxiety as a semiconductor 

>: L Tri'^^Jir-^'^^o V . flW% nnaterial used for a space exploration. 

J^y^i^^^^fxL^n^^:^ iv [: \\ \ is required for the semiconductor material 

^'i^^yi^^^yTii'ii^ which seldom deteriorates to a change of 

^ . ■^■=3^. . . . - . external conditions, such as atmosphere. 



( 0 0 0 4] 

•iHh ty:#-eiyj^^'C 1 c d 

S 1- ^"i" 6 ?lS '5 4 5 0 n m (D 
W '& -JS ^ ^ "~ K" -Sr iJS ^ L 
TCc ^ COW 1^1 K!-i 

( ] HgA i bG a i.a,bN\ 0 ^a 
gl. O^bSl. a-fb^l) 
J: '0 ^ . -^STtSi:: l n G a N 



[0004] 

By the way. we published the blue light emitting 
diode .with a wavelength of 450 nm which has 
the luminous intensity of 1 cds or more for the 
. first time in the world, late in November of the 
last year. , 

The blue light emitting diode consists of . a 
gallium nitride group compound semiconductor 
(InaAltipal -a-bN. 0=<a=<1 , 0=<b=<1 . 
a+b=<1'). 

It uses as the double heterostructure which 
used InGaN for.the luminescent layer 



[0 0 0 5 ] 

6. 0 e.V (A 1 N) S 1 . 9 

5 e V (.In N) t,V(DjK%^m 



[0005] 

Gallium nitride group, compound semiconductor 
has been knowm as a rnateriai which has a 
wide range band gap energy to 6.0 eV.(AIN) - 
1.95eV(lnN). 

However, since there was no suitable 
..substrate which carries .out a lattice matching to 
a gallium nitride ; group compound 
semiconductor, it was considered that it was 
hard material for utilisation. 

However, since we succeeded in utilisation 
■ for the first time using the sapphire substrate 
which does not carry out a lattice matching, a 
gallium nitride group compound semiconductor 
has come to be suddenly exposed to attention. 
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fr-'&n m U 5 .J: ^ M o T # 
[0 0 0 6] [0006] 



r--) < ^ ^ iz 4 T ^ > Ki^Iifi:l ^ 



[^cfji^/i^^^^?!: L J: 0 irTSiS [PROBLEM ADDRESSED] 

A gallium nitride group compound 

Mit:^j 'J 0 ^->^{l:.'Lt#j¥#fiPi'± semiconductor has a melting point very as high 

T:i"J [- > 3?Fi^*;:c ''^^^ degree C or more. Moreover it is"a 

' - ■ — stable material which has the hardness near a 

, - , ^ diamond. 

; .1 ^ 1 1^ Therefore by materializing a light receiving 

element using this material, a reliable light 

)t^-j--^^i:ai"5 ^ (b J: t5 > receiving element can be provided also to a 

.>>/^l^^i^l-^^:>S:tkvC3)^^- L T M change of an external condition. 

-!4''^0fl;i^';g7t^-> ^^ftt-T5 r. Therefore this inveniion is made in view of 

tf)^^^i>. li^oXMP^fiC such a situation. 

^^:>J: 9 4^-*tW^|g^/1^$n7cb ^'^^^ '^^^^ ^""'^^ ^^^^ objective is to 

cor '9 ^(Z) @ S'^j r P"^*^^'^® ''9^^ receiving element which has a 

^ ^'J'^-^.^M^r sensitivity to an area wide from a near 

:^:"Sr:^i^f f f ^^^rS ultraviolet to a red colour area and which was 

ii^.-^^mm^mm.'k^l^. excellent in reliability again. 

[ 0 0 0 7] [0007] 

[Wkm^m'(k-t^tz^(D^m [solution of the INVENTION] 

'A'^^m(D^^m^\t'^it^^ ^) ^ The light receiving element of this invention is a 

J^^i\L^^^^^^X,^tj:^^it "S*^* receiving element which consists of a 

S^TJ'fco n ^"^ittf y ^ gallium nitride group compound semiconductor. 

^^^it^^'^^"^^^ t D ^'J^-fk double heterostructure by which the 

;^^V^ix?^{k^^i.^iS>(7^ 'nXGaLXN. layer (0< X<1) was pinched as a 

S/- il^SrJ^ >^ light-receiving layer between.n-type gallium 

vm^. jaL:?ti^<!: UT 1 nxG a 1. nitride group compound semiconductor layer 

xNii (Ojc:X< 1 ) f)^%'^flfz and the p-type gallium nitride group compound 

'^'y'j\^^y-^W:^^^'i'^:Lt semiconductor layer. 

"kWi^ <t i~5o is characterized by the above-mentioned. 



[0 0 0 8] [00081 

I nxGai.xNii(tnMt>L< Any of a n-type, p-type. or i type of half- 
H P §!^^/c(i^J6littt7) i insulation are sufficient as an InXGal-XN layer. 

In order to make a n-type, the dope of the donor 
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■rKX' h J: < . n 5 tinb 

{ZitS i . G e . S n . S 

oy 1-- -i- - ^ K — r L T n 

o !± Z n > M g , C a . S r , 
13 e -^0-j7 'yty '^ — ^l^'^^ 

7' — — y > '/i'o z t i 

■■/ ^ -.^ u Y ■■)■■ 

ill* K - 7"-t 6 .1 t ! - d- T' T- # 



impurities, sucfi as Si, Ge, Sn, and Sb, can be 
carried out, and it can make a n-type. 

In order to make p-type, after dopeing 
acceptor impurities, such as Zn, Mg, Ca, Sr, 
and Be, it can set as p-type by carrying out an 
annealing above 400 degree C. 

Moreover, an i type InXGal -XN layer is made 
by carrying out the suitable amount dope of 
acceptor impurities and the donor impurities. 



[0 0 0 9] 

.< -y 0 J-^ih 3: '"^.i ^ G a vx A 

1 xN (0 ^x^ 1) xh'f) . n 

^^■Wm G a 1:2 A 1 zN ( 0 g 

MB E^(DM^i)J)cfi'/'il:-|5gfi:^ 

■ti--5l^, InGaN^^i^fi" 
5t^^Bli, fo5i/^fiH7r/lB^B(7pG 
a A 1 nm<ry±.\^^%M-t h Z. t 

bum^^h^o 'it^-^x^^m^ 

t LXm^^^£ I n G a 
6f-J*)l-. ^ 7 y Kii(±G a 
G a A 1 N.. A 1 NOl/^-f tb^^ 

^G a ,.yA 1 yN. p^G a 1.2 
A 1 zNIi I nxG a lxN/I^ n 

6 </ Mi p §ii--r 6 P) 



[0009] 

The n-type gallium nitride group compound 
semiconductor layer which pinches an InXGal- 
XN layer is Gal-XAIXN (0=<X=<1) which does 
not contain an indium. 

It is preferable that a p-type gallium nithde 
group compound semiconductor layer is also 
Ga1-ZAIZN (0-<Z=<1) similarly. 

Because, a gallium nitride group compound 
semiconductor grows by the vapor growth of 
MOVPE and MBE etc. generally. 

In case a gallium nitride group compound 
semiconductor is currently grown up by the 
vapor growth. InGaN semiconductor, is in the 
tendency that the quality film excellent in 
crystallinity and semiconductor performance 
can grow, by laminating on GaAIN layer of a 
binary mixed crystal or a ternary mixed crystal. 

Therefore in order to obtain InGaN practical 
as a -light receiving elemerit. a clad layer is 
because it is preferable that they are GaN, 
GaAIN. or AIN. . - ;, • ~. • .. : . . 

Moreover, n-type Ga1-YAIYN used as a clad 
layer arid p-type Ga1-ZA1ZN can obtain an 
lnXGa1-XN layer like the method made into a 
n-type or p-type. 
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[0010] 



\f ^i: o n > <^ ^ 3 > . 
n^G a 0.9 A I O^ S ^) 

n 9 y y K/1 4 > . 1 nOA G a 

G a 0.9 A 1 0.1 N X V o ^ ^ 

^7 K/i 5 cb . p S^G a N J: 
^^^i> p ^ > h-IS 7 t ^iiili 



[EFFECT] 

The model sectional drawing showing the 
structure of the light receiving element based 
on one Example of this application is shown in 
Figure 1. • 

This light receiving element, On the sapphire 
substrate 1 The buffer layer 2 vv^hich consists of 
GaN, n contcCl layer 3 vyhich consists cf a n-- 
type GaN, n clad iayer 4 which consists of n- 
type Ga0.9AI0.1N. the light-receiving layer 5 
vv^hich consists of inO. iGa0.9N,^ p clad layer 6 
which consists of p-type Ga0.9AiO. 1 N, p contact 
layer 7 which consists of p-type GaN It is setting 
as the structure which laminated above in order. 



[001 1 ] 

s tz m2{z ~4:im (7) 'J) nmm ! d 

1 (^'^^tm^<Dn ^ y y Kg 



[0011] 

Moreover the model sectional drawing showing 
the structure of the light receiving element 
based on the other Example of this application 
is shown in Figure 2. 

This light receiving element removes n clad 
layer 4 of the light receiving element of Figure 1 . 
it sets as the structure which pinched the light- 
receiving layer 5 in n contact layer 3 (it is a clad 
layer in this case), and p clad layer 6. 



[0012] [0012] 

n Mo a Njf^ , . n ^G a 0.9 N-type GaN layer and n-type Ga0.9AI0. IN layer 



A 1 0.1Nji,t {±S i ^ K-7= 

0.9A 1 O.IN/ii: pMG a NM 
tUMg^ K-yurc^^. 7 0 



carry, out the dope of the Si, and Js being taken 
as the n-type. 

After p-type Ga0.9AI0.1N layer and a p-type 
GaN layer dopis Mg, the annealing of it is 
carried out at 700 degree C, and they, are being 
taken as p-type. 



[0013] 



[0013] 

As is well-known, the sapphire substrate 1 is 
very a stable material to heat first. 

Moreover as a substrate which grows up the 
gallium nitride group compound semiconductor 
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JS-t'^, MOV F Effi!! i 

k ly Q. 3 N "T? ^ fSl \^ i)^ ^ 



which it has sufficient hardness and is used for 
a light receiving element, it is the most suitable. 

Moreover by nnaking the same composition 
as n contact layer 3 which grows on the buffer 
layer 2. the buffer layer 2 which grows on the 
sapphire substrate 1 can improve crystallinity of 
n contact layer 3. 

For example, the buffer layer 2 is grown up at 
low temperature 900 degree .C or less at 
MOVPE method. 

N contact layer 3 is grown at high 
temperature from 900 degree C, 

According to MOVPE method, n contact layer 
which was ' excellent the most crystalline tends 
tobeGaN^ 

As for a buffer layer, being performed as GaN 
is preferable. 



[0014] 

i^C^^Bi^'l n0.1G a 0.9Njl^ 

)tii 5 ^^ts" n ^ y y K/i 4 i6 
X p ^ ^ :y 6 ^ 

1 N tT^oTJA^^^f^ L^^ 



[0014] 

Next it is more preferable to set n clad -layer 4 
and p' clad layer 6 which pinch the light- 
receiving layer 5 to GaAIN.of a binary mixed 
crystal or a ternary mixed crystal, in order to 
obtain crystalline good InO.IGaO.QN layer and 
to use as the light-receiving layer 5. as stated 
also in advance. - 



[0 0.1 5] 

m 5 (i y > K 

-to Z.f\.\:im 
31 ir L T b a: 

L < {± P I N 



I nO.IG a 0.9N 
1 0 'Vcm^^.i^ 



y(D I n0.1G a0.9Nl5{cr 



[0015] 

ln0.1Ga0.9N layer 5 which is- a light-receiving 
layer becornes" a n-type in the state of a non 
dope, ..and shows 1017/cm3-ldl9/cm3 by^the 
electronic carrier concentration; 

The dope of the donor impurities is carried 
out to this as mentioned -above, and it is good 
also as a preferable n-type. 

It anneals, after dopeing acceptor impurities, 
and it is good also as p-type. 
In order to use as PIN junction type photodiode 
preferably or PIN junction type solar battery, the 
dope of the group 2 elements, such as Zn, Cd, 
Mg, etc. which are acceptor impurities, is 
carried out to ln0.1Ga0.9N layer 5 of a non 
dope, or the dope of the impurities of both 
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donor and acceptor is carried out, and it sets as 
i type of half-insulation. 

By carrying out like this, the area of a 
depletion layer spreads In the bottom of a 
reverse bias, or the state without a reverse bias 
in PIN structure. In several times, a sensitivity 
becomes good compared with a pn junction. 



I 0 0 16] [0016] 

c h\~Wi}:M'^tK-h p - > ^ /7 Furthermore by setting the composition to GaN 

h.^ 7 {i^co|fl^]g^Z.^?'g;HeCO 3 binary mixed crystal, p contact layer 7 

G a iTS r >MJ; ^ ff.j?^ which is uppermost layer is in the tendency 

> c ^ ^ ^ ^ L ^jjgji^ which an electrode and an ohmic contact 

f^Iia ^ z ' .^2 become easy to obtain. 

] I n^y Tf^g ^Q^„ i3 attached in particular to the 

-A i^/te3jDj;c>p a:/^^ Y]^ electrode formed on n contact layer 3 and p 

1 \~W^^\^fz.nm}Mm^'{^^ contact layer 7. 

?rf"i" L.■tv^r;^^^;4\ n^ly^ 9 However, it is the alloy which contains Ti or Ti 

rii 3 (CflT i ^7t(iT i in n contact layer 3. ^ 

ij^-o-^. ^f^L<{iT i - A 1 Those who preferably used Ti-AI and used 

*r^^ffl L p =1 >^ ^ 7 r which contains Ni and Au in p contact 

(IN l iBjir/Au^^ip-a-^i layer 7 tend to obtain an ohmic contact. 

fiSffl L 7t:^^^"7^- 5: n >^ . 

[0 0 17] [0017] 

roj; 7{c:^|g0^(Dg:3t^^(l Thus the light receiving element . of . thi§. 

^^4^^-11:;^!; r>i^l^-ft;<^^^ invention uses, a stable gallium ..nitride group'. 

L: igB^B'l4<73^V^ I compound semiconductor, and.-SJnce it uses as. 

n G a N^rS^tSi Lf-^y/i- ^'^^ double heterostructure " which made 

DtS^^^- I -r\.^7^t-)i^ crystalline good InGaN the light-receiving layer, 

2Z. ^ it is excellent in reliability. " : 

[0 0 1 8 1 [0018] 



[UMilf'J] [Example] 
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l ) [Example 1] • 

-^yy r "< T:i£:f^J-:{.IMO V P E The buffer layer which consists of GaN at 500 

^H''] 5 0 0°C'-'6 0 0°C degree C - about 600 degree C by' MOVPE 

r . V) A .V -y-T^^^ method on a sapphire substrate is grown up by 

. u . . . y LX. ^- y y ; .r. ^ thickness. 

't'T^g.S.-J-ti'^. S)C!IG a N^^-y:7 GaN clad layer is grown up by the 4-micrometre 

rM(0}:AZ,^ 1 0 0 O'CT S i film thickness at 1000 degree C. 

V—yn^G:r\^yyy\^M^ Next on a n-type GaN clad layer, 0.1- 

^ a mOjWB-Xul^t^^^^o micrometre Si dope n-type ln0.05GaO.95N 



a N ^ :/ Y^§.(T) h ^^V^^ grown up at 800 degree C. 



8 0 OT"i'''S i Y'-'■"/\^^ Furthermore 0.4 micrometres or Mg dope i 

"rn0 05G '^O^^Hm\^/o T ^YP^ GaN layers are grown up into a n-type 

f . ;! " . ^ ln0.O5GaO.95N layer top at 1000 degree C. 

p m\i)Lix^~^. c^^o'^^n^M \ n substrate which laminated" the gallium 

0.05G a 0.95N licO .hiz , 1 0 nitride group compound semiconductor is 

0 O^CC'M g K — y i 5i|G a N transferred to an annealing apparatus after the 



^0. 4 :i m;J5:JS: e-^tOo growth. 



ft?^. Hftyt/'U v7 i^^^-ft-o By carrying out an annealing at 700 degree 

'^■4^$rfS^ Lr'^®1S^"T-^— I' a Mg dope i type-GaN layer is made into 

Z^^mm^i^^. yoot:^ 'ow-reslstant p-type GaN. 

Mg \<'-y' i MG a Nii^riSffi 

ra^c^ pMG a N^-rSo - • ' 

[0019] [0019] 

^<7)^^. P§yG a N/lO^ffitC Then, a mask is formed on the surface of a p- 

-^^^^ff^fiJcL. pSliGaN/i type GaN layer. 

ioJ:t/n§^l n0.05Ga0.95N , ,\P!.^^I,^. p-type GaN layer and- n-type 

-va^ >,^M lnO.05GaO.95N layer is. etched, .and. a n-type 

^ 2^;:ut GaN layer is exposed. " ' " ' 

G a SrMttiS-fr, p MG a ji^g positive electrode which consists of the 

N^co±{CN i - A utD-g^^i alloy of I^Au on a p-type GaN layer, and the 

"^/S^IE^^. nSiG a Njlco negative electrode which consists Qf Ti-AI on a 

±(CT i - A 1 J; 19 /.f-S^Sfl;® n-type GaN layer are fornried, and between 

^mi$.\.. m.m^t:m.mMm\ electrodes is. connected to the DC ampere 

'^'^m.m.-t^o ■ • -• ' 

10 0 2 01 [0020]. 

J£jl_h<75J; 0 (c:LT^#fc 1 mm:ft It 'S above, and it makes, and from on the p- 

(D^^H^-CT? p52GaN^co± ^yP® '^y®"" °^ ''S*^^ receiving element of 

/j^f^^ir y 5 0 0 W) 1 "^"^ angle, spectrum of white light of 

L^^^t./^4.' \ -TBRfl-f I ^ 3 "^^^O" '3"^P (500W) is carried out, and it is 

o^^^ic^'^:kLXm^\^. § irradiated, 

?t^-f^-<75|@M!gS^iy^ LTto The relative . response of a light receiving 

—:fjlt^(Otcisf)^. Siy^t-hV element was measured. . . 
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[0 0 2 J ] 

b ittCOmfi^CD K - ^7 9 0 
' n mM-i/r!-Ifo{9 , c (± 8 4 5 n 

S )t iS? * fl^ I' . ;^ :-^!^" M f^fi 0? 

'M:±^<'J-it 3 8 0 n mf^-ifiM^jSi 
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On the other hand, the spectral sensitivity of 
the solar battery which makes Si photodiode 
from GaAIAs of a double heterostru.cture was 
similarly measured for the comparison. 

Figure 3 is a graph which shows the 
relationship of an irradiation wavelength and a 
relative spectral sensitivity. 

The light receiving element of this invention is 
shown as an a. Si photodiode is shown as b. 
GaAIAs solar battery is shown as c. 

[0021] 

B has 960 nm of the peaks of the sensitivity in 
the vicinity so thai it may find, even when it sees 
this figure. 

Since there is 845 nm of c in the vicinity, its 
light-receiving sensitivity of a short, wave length 
area is bad. 

On the other hand, the light receiving element 
of this invention shows a light-receiving peak 
strong near 380 nm. 

And by changing the composition of In of 
InGaN, the wavelength of this light-receiving 
peak is freely alterable to 365 nm - 635 nm. 

In addition the actual sensitivity of 380 nm of 
the light receiving element of this this invention 
is 100 increment or more with a sensitivity of Si 
photodiode of the same area in 380 nm. 

Moreover the characteristics as a solar 
battery are opening voltage 3V in the open 
state. - . 

It was short electric current -100 microns A in 
a short state. 



[0 0 2 2] 



[0022] 

In addition in the Example, the xenon lamp was 
irradiated from the p-type GaN layer side. 

However, since a sapphire substrate can be 
transparent and can permeate a light well to. a 
ultraviolet and a blue glow, it has the advantage 
that it can irradiate even from a substrate side. 
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[EFFECT OF THE INVENTION] 

As explained above, since the stable gallium 
nitride group compound semiconductor is used, 
the light receiving element of this invention is 
excellent in the reliability of a light receiving 
element. 

Furthermore since it is the double 
heterostructure which made InGaN the light- 
receiving layer it is possible to change a 
sensitivity freely over a large vv^avelength range. 

Moreover, a substrate side or a gallium nitride 
group compound semiconductor layer side can 
also be made into a light-receiving side 
depending on a usage by using a sapphire 
substrate, T 

. Thus there Vv^as no suitable light receiving 
element v\/hich has a sensitivity to a short wave 
length area conventionally. 

However, implementation becomes possible 
for the first .time by using the light receiving 
element of this invention. 

The use value on the industry is large. 



[BRIEF EXPLANATION OF DRAWINGS] 



mi] [FIGURE 1] • - r 

:^^^}\co — 'M^y^m(D^it^l-o:> Model sectional drawing. showing the structure 
m^^M^^^-tm^mmmo "9*^^ receiving eiement-of one Example of 

this invention. 



[^2] [FIGURE 2] 

:^^^M<Di^(D'^MM<D^^M^ Model sectional drawing showing the structure. 

of the light receiving element of the other 
Example of this invention. 



[1213] [FIGURES! 

^itM-J-i^P^^M't^1^^t^S)(^ The graph showing the relationship of the 

Ts.i^^j^j^(j:im y y wavelength which irradiates to a light receiving 

11 " ' element, and a relative spectral sensitivity. 



[EXPLANATION OF DRAWING] 
r*** sapphire substrate 
2**** buffer layer 
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3****n contact layer 
4****n clad layer 
5'*** light reception layer 
6*''*p clad layer 
7"**p contact layer 
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[FIGURE 2] 
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[FIGURE 3] 
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